N. B. MITCHELL AND MAX LEVINE toin ... rarely from glucose and then only in traces" have been found inadequate for differentiation of the "intermediates" from strains of the genera Escherichia and Aerobacter. A clearer characterization of the "intermediate" group is necessary.
The physiological characterization of the colon group has been stressed, in the past, from the standpoint of carbohydrate chemistry though some work with several purine compounds has been reported. Plenge (1903) and Schittenhelm and Schr6ter (1903, 1904) reported that "B. coli" attacked nucleic acid. Koser (1918) showed that Aerobacter, but not Escherichia strains, utilized uric acid as a sole nitrogen source. He obtained similar results with hypoxanthine hydrochloride, although here the Aerobacter strains grew less luxuriantly. Chenn and Rettger (1920) confirmed Koser's work on uric acid and found that xanthine gave similar results with typical Escherichia coli strains. But of 20 coli-like strains from soil, 10 of which were uric acid (+) and 10 uric acid (-) , all were xanthine (-).
Nucleic acid and its degradation products were selected for this study because (1) of the known fact that uric acid is an available nitrogen source for Aerobacter but not for Escherichia strains; and, (2) of the possibility of correlating the findings with work in biochemistry.
According to Levene (1920) , yeast nucleic acid is composed of the following radicals: 4 phosphate, 4 carbohydrate, 2 purine (adenine and guanine), and 2 pyrimidine (uracil and cytosine). Uric acid is the main end-product of purine digestion in man and anthropoid apes; allantoin is the chief end-product in most other animals. Allantoin is converted, in vitro, to hydantoin and urea, and further to glycine, carbon dioxide and ammonia.
The following investigation of the availability of yeast nucleic acid and some of its degradation products, (adenine sulphate, xanthine, uracil, uric acid, allantoin, hydantoin, and urea) was made with a view to development of differential media for the colon group. All but urea were Eastman products.
The basal medium consisted of: 0.5 per cent NaCl; 0.02 per cent MgSO4; 0.004 per cent brom-thymol blue; and approxi- (pH 7.1). In some media it was necessary to employ a more alkaline phosphate buffer solution in order to adjust the reaction to approximately pH 7.1. To determine the availability of a compound as a source of nitrogen, 0.2 per cent of glucose and 0.05 per cent of the test compound were added to the basal medium; to ascertain the availability of a compound as a sole source of carbon, 0.2 per cent of monoammonium phosphate was supplied as an available nitrogen source, and to determine the availability of a compound as a sole source of both carbon and nitrogen, 0.5 per cent of the test compound was added to the basal medium described above.
All glassware was acid washed and rinsed with sodium bicarbonate solution followed by distilled water. All chemicals were chemically pure. The constituents were dissolved in conductivity water at a temperature below boiling. Since the effect of autoclaving these compounds was unknown, all media were sterilized by filtration through Chamberland L3 candles. None of the strains of Aerobacter, after having acidified the medium, reversed the reaction in nucleic acid, xanthine (questionable reversal for a few strains), or hydantoin media, although they did so in media containing other nitrogen sources. A few Aerobacter strains showed beginning reversal of reaction in the uracil medium on the third day, but complete reversion to the original alkalinity did not occur in any case by the fifth day. The "intermediate" and Aerobacter strains showed such rapid reversion in the urea medium that observations for short incubation periods ( < 24 hours) were necessary in order to detect acid production.
In media containing adenine, xanthine and urea increase in turbidity was well correlated with development of acidity as shown by intensity of color change of indicator. The Aerobacter in nucleic acid, and the Escherichia strains in uracil, however, produced a distinct acidity without markedly increasing turbidity.
In In an experiment employing five Escherichia strains it was observed that their differentiation from Aerobacter in the allantoin medium was associated with a small inoculum. Heavy seeding from an agar slant presumably introduces some factor which permits abundant multiplication of Escherichia strains and therefore invalidates the differential value of the medium.
NITROGEN AVAILABILITY
This necessity for employing a small inoculum is known to hold for several accepted differential tests e.g., Koser's uric acid medium.
DISCUSSION
Since methods for qualitative and quantitative determination of many of the intermediate products of decomposition of nucleic acid are available from the field of physiological chemistry, a study of bacterial fermentation of these compounds should be greatly facilitated. As the Aerobacter and questionable VogesProskauer strains are able to utilize all of the nitrogen compounds studied it is suggested that the disintegration of nucleic acid by these strains may be analogous to that occurring in the animal digestive tract, and that a study of the bacterial fermentation of these compounds offers a possible method of investigating the course of their digestion in the animal intestinal tract.
Lucke (1931) presented evidence that a great part of the uric acid of the gastric juice and bile is destroyed in the alimentary canal. He found that this destruction commenced in the upper small intestine. Since it is known that strains of Aerobacter predominate in that region, the present report makes it logical to assume that nucleic acid or any of its degradation products in the intestine could be readily disintegrated by bacteria as well as by the digestive enzymes of the host.
It would be interesting to know the point in the molecule at which these nitrogen compounds are attacked. The Aerobacter strains utilized all compounds tested and therefore offer no clue. That the Escherichia and "intermediate" strains could not attack the imidazole ring or that this ring is inhibitory is suggested by their failure to attack uric acid, allantoin, and hydantoin. However, the Escherichia strains attacked uracil, and the "intermediates" attacked urea. The evidence for the suggestion offered is slight; other imidazole ring compounds as nitrogen sources must be studied before the suggestion could be accepted as anything other than an hypothesis.
One may then inquire why xanthine and adenine sulphate were utilized as nitrogen sources. At present, there appears to be no logical explanation of the action on xanthine. As to the utiliza- tion of the nitrogen of adenine sulphate, it is to be borne in mind that various radicals may greatly affect the availability of a compound to bacteria. For instance, glucose and alpha-methylglucoside are not attacked with the same ease by the colon group, and methyl urea and thiourea are not equally available nitrogen sources to the same bacteria (de Jong). It may be that the sulphate radical renders the adenine more easily attacked.
Perusal of table 1 shows that, on the basis of utilization of degradation products of yeast nucleic acid in unautoclaved media as sole nitrogen sources, the colon group may be separated into three divisions: one which utilized all of the compounds tested, a second which utilized only uracil, and a third which utilized only urea. The questionable Voges-Proskauer strains were wholly like those of the genus Aerobacter with respect to their utilization of these nitrogen compounds and were therefore allocated to that genus.
From cherichia differs from the other two genera in that it does not utilize citric acid or cellobiose as sole sources of carbon, nor urea as a sole source of nitrogen. The genus Aerobacter differs from the other two genera in that it is Voges-Proskauer positive, methyl-red negative, and utilizes uric acid, nucleic acid, allantoin and hydantoin as sole sources of nitrogen. The "intermediate" group (Citrobacter) differs from both of the other genera in that it produces hydrogen sulphide from appropriate media and, particularly, in that it does not utilize uracil as a source of nitrogen.
The genus Citrobacter, as defined above, differs from Escherichia in that it is capable of utilizing urea but not uracil as a sole source of nitrogen, is indol-negative, and can utilize citric acid and cellobiose as sole sources of carbon. It differs from the genus Aerobacter in that it is Voges-Proskauer negative, methylred positive and cannot utilize uric acid, nucleic acid, allantoin, hydantoin, or uracil as sole sources of nitrogen.
SUMMARY
Studies on the availability of nucleic acid and certain of its degradation products for members of the colon group of bacteria revealed generic differences.
The availability of nucleic acid and its degradation products when correlated with the Voges-Proskauer reaction, citrate utilization, hydrogen sulphide, and indol production, lends support to the allocation of the "intermediate" strains to a separate genus Citrobacter.
The colorimetric test based on the production of acid from glucose in a synthetic medium proved to be a convenient and practical method for ascertaining utilization of nucleic acid and its degradation products as sole nitrogen sources.
The nitrogen-availability studies offered a means of classifying strains giving questionable Voges-Proskauer reactions. In the present study six such strains investigated were allocated to the genus Aerobacter.
Limited observations indicated that of the colon strains investigated only Aerobacter aerogenes utilized nucleic acid, uric
